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(54) Continuously variable transmission and control 

(57) A continuously variable transmission control 
system deterrnines the desired speed ratio (DTR) for a 
continuously variable transmission (14) from various 
input data received from the vehicle and operator. The 
desired speed ratio is compared with a commanded 
speed ratio (COM.SR) to provide an error signal 
(GESR) which establishes a new commanded speed 
ratio for the continuously variable transmission. The 
comparing process of desired speed ratio to com- 
manded speed ratio is repeated until the en^or signal is 
substantially null. Also, the control provides an adaptive 



modifier (CAM) for the actuator of the continuously vari- 
able transmission such that a comparison of actual 
transmission ratio to commanded speed ratio will deter- 
mine if an adaptive modification is necessary The con- 
trol further provides a step control function (SRAC. S3. 
C2) which is operable when the ratio of the continuously 
variable transmission is moving toward an underdrive 
ratio. The step input corhmands a large change in the 
actuator control valve to thereby accomnxxlate reduc- 
ing the pressure in the controls of the continuously vari- 
able transmission and thereby change the ratio rapidly 
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Description 
TECHNICAL FIELD 

5 [0001 ] This invention relates to a continuously variable transmission and controls, 
BACKGROUND OF THE INVENTION 

[0002] Continuously variable ratio transmissions are employed in vehicles to provide efficient drive systems. The 
10 transmission ratio can be changed in a continuous manner from a maximum underdrive ratio to a maximum overdrive 
ratio. This permits the engine to be operated at either the best fuel consumption area or the best performance area. 
Vehicle speed can be maintained at a substantially constant level while the transmission ratio is varied to attain a 
desired vehicle speed as requested by an operator. 

[0003] The most currently used continuously variable transmissions are the flexible belt type due mainly to the advent 
15 of the flexible steel belt which runs against steel sheaves. The sheaves of the input and output pulleys are movable axi- 
ally to adjust the radius at which the belt turns. The sheaves are moved to hydraulic pressure which is distributed from 
a control valve. 

SUMMARY OF THE INVENTION 

20 

[0004] It is an object of this invention to provide an improved control for a continuously variable transmission of the 
flexible belt type. 

[0005] In one aspect of this invention, a stepper motor and a control valve are provided to control the speed ratio 
between an input member and an output member of a flexible belt type continuously variable transmission. 
25 [0006] In another aspect of this invention, the stepper motor receives a count signal from the control to establish the 
commanded position and a speed ratio of the continuously variable transmission through movement of the control 

valve. 

[0007] In yet another aspect of this invention, the stepper motor is given a step count to rapidly move the valve to per- 
mit a ratio change in an underdrive direction. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0008] 

35 Figure 1 is a schematic representation of a continuously variable transmission and electro-hydraulic controls there- 
fore. 

Figure 2 is a portion of an algorithm which controls the speed ratio within the continuously variable transmission. 
Rgure 3 is another portion of the algorithm which controls the speed ratio within the continuously variable transmis- 
sion. 

40 Figure 4. is a graph representing the relation between speed ratio and sheave travel and Forcemotor Counts. 

Rgure 5 is a diagrammatic representation of a portion of the hydraulic control for a continuously variable transmis- 
sion. 

Figure 6 is an enlarged view of the hydraulic control shown in Figure 5. 
45 DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0009] The schematic representation of Figure 1 describes a continuously variable transmission generally designated 
10 including a torque converter and torque converter clutch 12. a continuously variable transmission (CVT) 14 and a 
fonward/reverse planetary gearset 16 disposed between the torque converter and the CVT 14. 
so [001 0] The torque converter 1 2 is driven by an engine 1 8 to provide power to the continuously variable transmission 
14. The planetary gearset 16 includes a sun gear 20, a ring gear 22 and a compound carrier assembly 24. The ring 
gear 22 is groundable through a stationary clutch 26 and the carrier 24 and sun gear 20 are interconnectable through 
a selectively engageable rotating clutch 28. 

[001 1 ] The carrier 24 is drivingly connected with an output shaft 30 of the torque converter and torque converter clutch 
55 12 and the sun gear 20 is connected through a transmission input shaft 32 with an input member or adjustable sheave 
assembly 34. The adjustable sheave assembly 34 is connected with an output member or adjustable sheave assembly 
36 by means of a flexible belt member 38. These types of devices are well known in the art such that a more elaborate 
description is not believed necessary for those skilled in the art. 
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[001 2] The stationary clutch 26 when engaged will provide a reverse drive between the shaft 30 and the sun gear 20 
which will cause the continuously variable transmission 14 to operate at a reverse ratio. The engagement of the rotating 
clutch 28 will cause a 1 :1 drive between the shaft 30 and the input member 34 thereby causing a fonw^ard drive within 
the transmission. 

£ [001 3] The output member 36 is drivingly connected with a final drive gear 40 which in turn is connected with a final 
drive gear 42. The final drive gear 42 is drivingly connected with a conventional differential gearset 44 to provide an out- 
put from the continuously variable transmission 14. 

[0014] The sheave assemblies 34 and 36 are controlled by hydraulic pressure in chambers 46 and 48, respectively. 
The pressure utilized in the chambers 46 and 48 is controlled by an electro/hydraulic control system which includes a 
ho conventional positive displacement pump 50 which delivers fluid pressure to a fluid pressure regulator 52. The pressure 
regulator 52 then establishes the maximum system pressure within the control system and delivers that pressure 
through a passage 54 to a primary sheave limit valve 56. 

[001 5] The fluid pressure in passage 54 is limited by a line limit valve 60 when the maximum system pressure is sat- 
isfied in passage 54 the regulator valve 52 will distribute fluid pressure to a passage 58 which includes the line limit 
75 valve 60 for limiting the pressure within the passage 58 to a predetermined amount. The passage 58 communicates 
with a torque converter clutch control valve 61 and a torque converter clutch valve 62, These two valves operate in a 
conventional manner and control the pressure and flow of fluid to the torque converter and torque converter clutch 
assembly 12. 

[001 6] In the position shown, the assembly 1 2 is in the disengaged or clutch released position and all of the power is 
20 transmitted hydro-dynamically in a well known manner. When the torque converter clutch valve 62 is shifted through the 
control pressure operation, the clutch portion of the assembly 1 2 is engaged and the engine has a direct drive the plan- 
etary gear arrangement 1 6. 

[0017] The passage 54 is also connected to a manual valve 66. through a clutch control valve 68 as limited by the 
valve 60. The manual valve 66 is movable by an operator through a lever 70 to a plurality of operating conditions includ- 
es ing Park "P", Reverse ^'R", Neutral "N". Drive "D". Intermediate "INT" and Low "LO". The lever 70 is manipulated linearly 
in a slot 72 to the drive positions above enumerated. The slot 72 also has a side or adjacent slot 74 which permits the 
driver to preselect a number of transmission ratios as will be described later. 

[0018] The clutch control valve 68 provides the necessary pressure to engage the clutches 28 and 26. The pressure 
distributed by the clutch control valve 68 is controlled by a variable bleed solenoid valve 76 which permits the electronic 

30 control system to adjust the engaging and disengaging pressure of the clutches 26 and 28. 

[0019] The fluid pressure in passage 54 is connected to a ratio control valve 84 and through a passage 78 to the pri- 
mary limit valve 56. This valve 56 limits the pressure distributed to the chamber 46. An actuator control 80 includes a 
ratio control motor 82, the ratio control valve 84, and a feedback arm 86 which is connected to a portion of the sheave 
assembly 34. The arm 86 is connected to the movable sheave of the sheave assembly 34 such that the position of the 

35 sheave assembly is always known to the control system. 

[0020] When the control motor 82 is actuated as will be described later, the control valve 84 is manipulated such that 
fluid pressure is increased at the sheave assembly 34 or decreased at the sheave assembly 34. If the fluid pressure is 
increased at the sheave assembly 34, the ratio within the continuously variable transmission 14 will change from an 
underdrive ratio shown toward an overdrive position. If the continuously variable transmission 14 is established at an 

40 overdrive or above a minimum underdrive ratio and the pressure at the control valve 84.is relieved, the ratio within the . 
continuously variable transmission 14 will move toward an underdrive ratio. 

[0021 ] The pressure output or pressure established by the regulator valve 52 is also variable such that a oontrol func- 
tion is provided by a pulse width modulated line control valve 88. The line control valve 88 has a pulse width modulated 
solenoid, which is a well known device, and is adapted to deliver a control pressure through a passage 90 to the regu- 
45 lator valve 52. The pressure in the passage 90 is increased to cause an increase in the output off pressure regulator 52 
and decreased to cause a decrease in line pressure. 

[0022] The ratio within the continuously variable transmission 14 is preferably controlled by a conventional program- 
mable digital computer which is programmed to operate the algorithm shown in Figures 2 and 3. Briefly, the algorithm, 
described in Figures 2 and 3 provides command signals for the continuously variable transmission 14 as received from 

so the operator through the range selector manual valve 66 and from various engine and vehicle speed signals, 

[0023] The vehicle provides an engine speed or an input speed to the transmission at a sensor 92 and input speed 
to the continuously variable transmission 14 at a sensor 94 and an output speed from the continuously, variable trans- 
mission at a sensor 96. By comparing these various speed signals, the control system can determine if the torque con- 
verter clutch is engaged or disengaged and can also determine the actual speed ratio across the continuously variable 

55 transmission 14. 

[0024] The control system determines a desired speed ratio from the various inputs and establishes an output signal 
which is directed a summing or comparing unit SI. The summing unit SI compares the desired speed signal as with a 
comrnanded speed signal, as will be described in more detail later. The commanded speed signal is stored and also 
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fed back to the summing unit S1 for error correction as will be discussed later. The commanded signal is also directed 
to a Table SRAC which effects a count for the motor 82. 

[0025] As seen in Figure 4. the counts at the motor 82 are equal or compjarable with sheave travel. The sheave travel 
is then also related by the curve CI with the speed ratio of the continuously variable transmission 14. Thus, the control 
5 system, by knowing the count at the Table SRAC will establish the commanded speed ratio at the transmission. 

[0026] Figure 5 depicts a portion of the actuator 80. As can be seen, the ratio control motor 82 is connected with a 
link 1 00 which is also connected to a valve spool 1 02 of the valve 84. Feedback link 86 is connected to a hub or rim 1 04 
of the sheave assembly 34. The enlarged portion of the valve 84 is shown in Figure 6. 

[0027] The motor 82 is a stepper motor which will respond to the counts as output by the algorithm described above. 

10 The valve 84 includes the valve spool 102 which is slidably disposed in a valve bore 106 and urged leftwardly by a 
spring 108 to maintain the link 100. the valve spool 102. the stepper motor 82 and feedback link 86 in firm contact. The 
valve bore 1 06 has a first port 110 which is communicating with the valve 56, a second port 1 1 2 which communicates 
with the chamber 46 and a third port 1 14 which communicates with exhaust or with the system sump 116. 
[0028] When it is desired to move toward an overdrive condition, the motor 82 will receive the proper count input from 

15 the algorithm described above such that the valve spool 102 will be moved leftward opening fluid communication 
between the valve 56 and the chamber 46 to cause the sheave assembly 34 to urge the belt 38 outwardly thereby pull- 
ing the belt 38 inwardly in the sheave 36 and accommodating a lesser diameter in sheave 36. 

[0029] As the sheave assembly 34 is adjusted, the hub 104 will be moved rightward thereby causing the link 100 to 
pivot and bring the valve spool 1 02 back toward the neutral position shown. In this position, the fluid pressure from valve 

20 56 is maintained at the chamber 46 to accommodate any fluid leakage which might occur downstream. 

[0030] As best seen in Figure 6, the valve spool 1 02 has a central land 1 1 8 which is large enough to overlap the port 
1 12. As seen in Figure 6. the port 1 12 is essentially line on line wrth the right edge of land 118 which will permrt fluid 
pressure in port 110 to feed any leakage makeup necessary to maintain the pressure in chamber 46 at the desired 
level. However, when it is desired to change the ratio of the continuously variable transmission 14 in an underdrive 

25 direction, the overlap of land 1 1 8 creates a time lag before the pressure within the chamber 46 can be exhausted. This 
time lapse or lag is compensated by the step count described above in the algorithm. 

[0031] When the step count occurs, the stepper motor 82 will rapdly move rightward to accommodate the large 
increase in count command thereby causing the valve spool 102 to move rightward rapidly, quickly opening the com- 
munication between the ports 1 12 and 1 14 so that the pressure in chamber 46 can be rapidly reduced. This will permit 
30 the continuously variable transmission 14 to change ratios in the underdrive direction quite rapidly. The time required 
for the count change (to cause the valve to move sufficiently to exhaust the chamber 46) is removed from the control 
cycle thus eliminating the lag which is otherwise present with the valve overlap. 

[0032] The commanded ratio is then directed to a transmission control module TCM driver which in turn directs the 
signal to the motor 82 for the movement of the actuator 80. The actuator 80, as described above, adjusts the speed ratio 

35 within the continuously variable transmission 14. This signal is then compared at a summing point S2 which compares 
the actual transmission speed ratio with the commanded transmission speed ratio to determine if an adapt modifier is 
necessary to bring the control count into accordance with the driver commanded or driver desired count. 
[0033] The output of the adapt modifier is directed to a summing unit S3 which adds the commanded signal, the count 
adapt modifier signal and a valve overlap signal from a valve overlap control C2 to provide a signal to the TCM driver. 

40 The valve overlap control 02. provides a step count to a transmission control module (TCM DRIVER) which directs the 
count to the actuator 80. This will cause the control motor 82 to move a predetermined step when the mechanism is 
shifting in an underdrive direction. 

[0034] The Ratio Control Algorithm selects the desired ratio the transmission is to operate in from a series of maps. 
The maps that are used are determined by Transmission Range. Desired ratio determines commanded ratio which is 
45 used to set the step count of the ratio control motor. The ratio control motor positions the ratio control valve. The current 
step count of the motor is saved on powerdown and must remain the same on the next powerup. A control flow logic at 
the end of this section is included. This algorithm runs at 25 milliseconds on a conventional programmable digital com- 
puter. 

[0035] The desired transmission ratio Is selected from Table DTR a function of CVT_RANGE. It is stored in the proc- 
50 ess variable DESIREDJSPEED^RATIO. 



Process Variable DTR 


Operating Rar^e 


Granularity 


DESIRED_SPEED_RATIO 


0 to 6.5535 


0.0001 



4: [0036] If CVT^RANGE indicates REVERSE, the desired speed ratio. DESIRED_SPEED_RATIO is defined by the 
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constant KE_REV_DESIRED_SPEED_RATIO. 



Calibration Constant 


Operating Range 


Granularity 


KE_REV„DESIRED_SPEED_RATIO 


0 to 6.5535 


0.0001 



[0037] In Park. Neutral and Drive Range, Desired Speed Ratio is determined by one of three maps dependent upon 
10 the state of the pattern select switch. In Intermediate and Low Range, the same maps are used but Desired Speed 
Ratio is limited to a maximum value defined in calibration tables. In Park. Neutral, Drive, Intermediate and Low Ranges. 
Detent Desired Speed Ratio determines the desired speed ratio when in the Detent Mode: 

[0038] When TH ROTTLE_KICKDOWN is requested by the operator, the detent mode is active and desired speed 
ratio, DESIRED__SPEED_RATIO. is defined by process variable DESiRED_DET_SPEED_RATIO found in the two- 
75 dimensional table KV_DET_DESIRED_SPEED_RATIO (DDSR) plus a signed adaptive speed ratio 
DET_SPEED_RATiO_ADAPT found in non-volatile RAM table DET_SPEED_RAT/O^ADAPT_CELLS (DSRA). The 
independent variable in these tables DDSR. DSRA is VEHICLE_SPEED and the dependent variable is 
DESlRED_DET_SPEED_RATIO andi DET_SPEED_RATtO_ADAPT respectively. As in all tables, the dependent varia- 
ble (desired speed ratio) is linearly interpolated, a function of the independent variable (vehicle speed). 

so 

DESIRED_SPEED_RATIO = DESIRED_DETJSPEED_RATiO + DET_SPEED_RATIO_ADAPT 



2 Dimensional Table DDSR 
KV_DET_DESIRED_SPEED_RATIO 


Independent Variable 


Operating Range 


Resolution 


KPH_OUTPUT_SPEED 


4 to 228 kph 


14 kph 


Dependent Variable 


Operating Range 


Granularity 


DESIRED_DET_SPEED_RATIO 


0 to 6.5535 


0.0001 


Process Variable 


Operating Range 


Granularity 


DESfRED_DET_SPEED_RATIO 


0 to 6.5535 


0.0001 


DET_SPEED_RATIO_ADAPT 


-3.2768 to 3.2767 


0.0001 



40 The detent desired ratio Is scheduled to maintain a desir^ engine RPM. Desired engine speed Is determined from the . 
calibration KE_DESIRED_DET_ENGINE_RPWb 



Calibration Constant 


Operating Range 


Granularity 


KE_DESIRED_DET_ENGINE_RPM 


0 to 8192 rpm 


0.25 rpm 



[0039] As previously described, when in the decent mode, desired decent speed ratio is modified by signed adaptive 
so cells 

DET_SPEED_RATIO_ADAPTjCELLS. The independent variable in the table is KPH_OUTPUTjSPEED and the 
dependent variable is 

DET_SPEED_RAT10lADAPT If check sum of the adapt cells fail, then all of the adapt cells must reset to their default 
values of zero. 
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2 Dimensional Table NV RAM DSRA 

DET_SPEED_RATIO_ADAPT_CELLS 


Independent Variable 


Operating Range 


Resolution 


KPH_OUTPUT_SPEED 


4 to 228 kph 


14 kph 


Dependent Variable 


Operating Range 


Granularity 


DET_SPEED_RATIO_ADAPT 


-3.2768 to 3.2767 


0.0001 



The adaptive cells. DET_SPEED_RATIO_ADAPT_CELLS, may be updated when timer, DETENT_ADAPT_TiMER, 
75 reaches calibration time 

KE DETENT_ADAPT_TIME. The timer, DETENT^ADAPTJTIMER is cleared and started when the detent mode is first 
entered. It is incremented as long as the decent mode is present and it is stopped when the Detent Mode is exited. 
When timer, DETENT_ADAPT_TIMER, reaches calibration time 

KE DETENT_ADAPT_T1WIE, the adaptive cells may be updated. The timer is also cleared and started after an adapt 
20 Update which allows time for the actual ratio to move to the desired speed ratio before another adapt update is allowed. 
The actual engine rpm is used in the following equation to determine the engine RPM error. 
DETENT^ENGlNE_RPh/LERROR: 

25 DETENT^ENGINEJiPMJERROR = KE_DESIRED^DET^ENGINE RPM - 

ENGINE JiPM 



DETENT_ENGINE_RPM_ERROR IS a signed number 
DET_SPEED_RATIO^ADAPT_CELLS \s updated by the signed modWier . 
DETENT_RAHO_^ADAPT_MOD found in table 

KV_DETENT_ADAPT_MODIFIER. The independent variable in the table is 

.DETENT_ENGINE_RPM_ERROR and the dependent variable is 

DETENT_RATIOi_ADAPT^MOD. When conditions are met to allow an adapt update, the closest vehicle speed cell is 
updated by adding the signed modifier, determined from table KV_DETENT_ADAPT_MODIRER (DAM), which has 
been multiplied by factor KE_DET_ADAPT_FACTOR_0. A percentage of the sighed modifier value also updates the 
two neighbouring table positions on either side of the selected cell (vehicle speed) position. The percentage factor is a 
calibration constant dependent upon cell position. For example, factor 

KE_DET_ADAPT_FACTOR_1L is used on the cell next to the selected cell on the decreasing vehicle speed side. The 
value of 

DET_SPEED_RATIO_ADAPT_CELLS is bounded by 
KE_MIN_DET_SPEED_RATIO_ADAPT, and 
KE_MAX_DET_SPEED_RATIO_ADAPT. 



. so 
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N-2 cell position: DET_SPEED_RATIO_ADAPTx = 
DET_SPEED_RAT10_ADAPTx-J + (DETENt_RATIO_ADAPT_MOD 
KE_DET_ADAPT_FACTOR_2LJ 

;V-/ cell posiiion: DET_SPEED_R.AT/0_ADAPT.x = 
DET_SPEED_RATIO_ADAPTx-l + (DETENT _RAT10_AD APT JAOD 
KE_DET_ADAPT_FACTOR_lU 

N cell position: DET SPEED _RATlO _ADAPTx = 

DET_SPEED_RATIO_ADAPTx-l + (DETENT_RATIO_ADAPT_MOD 
KE_DET_ADAPT_FACTOR_0; 

N+ J cell position: DET_SPEED_RATIO_ADAPTx = 
DET_SPEED_RATIO_ADAPTx-l + {DETENTJiAT10_ADAPT_M0D 

ke_det_adapt_factor_ih; 

N-^ 2 cell position : DET SPEED RATIO _APAPTx = 
DET_SPEED_RATIO_ADAPTx-I + (DETENT_RATIO_ADAPT_MOD 
KE_DET_ADAPT_FACTOR_2Hj 



08994e2A2_l_> 
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2 Dimensional Table DAM 
KV_DETENT_ADAPT.MODIRER 


Independent Variable 


Operating Range 


Resolution 


DETENT_ENGINE_RPM_ERROR 


-400 to 400 rpm 


50 rpm 


Dependent Variable 


Operating Range 


Granularity 


DETENT_RATIO_ADAPT_MOD . 


-3.2768 to 3.2767 


0.0001 








Calibration Constant 


Operating Range 


Granularity 


KE_DETENT.ADAPT_TIME 


0 to 6.375 sec 


0.025 sec 


KE_DET_ADAPrFACT0R_2L 


0 to 1 


0.0039 


KE_DET_ADAPT_FACTOR_1 L 


Oto 1 


0.0039 


KE_DET_ADAPT_FACTOR_0 


Oto 1 


0.0039 


KE_DET_ADAPT_FACTOR_1 H 


Oto 1 


0.0039 


KE__D ET_A DA PT_FACTOR_2H 


0 to 1 


U.UUO«7 


KE_MIN_DET_SPEED_RATIO„ADAPT 


-3.2768 to 3.2767 


0.0001 


KE_MAX_DET_SPEED_RATiO_ADAPT 


-3.2768 to 3.2767 


0.0001 








Process Variable 


Operating Range 


Granularity 


DETENT_TIMER 


0 to 6.375 sec 


0.025 sec 


DETENT_ENGINE_RPM_ERROR 


-1000 to 1000 rpm 


0.25 rpm 


DETENT_RATIO^ADAPT_MOD 


-3.2768 to 3.2767 


0.0001 



35 [0040] If CVT_RANGE indicates DRIVE or PARK or NEUTRAL, desired speed ratio is defined by one of three maps 
in table DXDR dependent upon the pattern select input which sets NORMAL, SPORT or ECONOMY. When the pattern 
select is NORMAL, desired speed ratio. DESIRED^SPEED^RATtO, is equal to 
DRIVE_NORM_DESIRED_SPEED_RATIO which is found in the three-dimensional table 
KA_DRIVE_NORM_DESIRED_RATIO (DXDR). When the pattern select is SPORT or ECONOMY, desired speed 

40 ratio. 

DESIRED_SPEED_RATIO/\S&^UB\\o 
DRIVE_SPORr_DESIRED_SPEED_RATIO ox 

DRiVE_ECON_DESIRED_SPEED_RATiO, which are found in the three-dimensional table 
KA_DRIVE_SPORT_DESIRED_RATIO DXDR or KA_DRiVE_ECON_DESIRED_RATIO (DXDR). The independent 
45 variables in the tables are KPH_OUTPUT_SPEED and THROTTLE, the dependent variables are 
DRiVE_NORM_DES!RED_SPEED_RATlO, 
DRlVE_SPORT_DESlREDj:SPEED_RATiO and 
DRIVE_ECON_DESiRED_SPEED_RATIO 

so 
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so 



3 Dimensional Table DXDR 
KA DRIVE_NORM_DESIRED_RATIO, 
KA DRIVE SPORT_DESIRED_RATI0, 
KA DRIVE ECON_DESIRED_RATIO 


Independent Variable 


Operating Range 


Resolution 


THROTTLE 


0 to 100% 


6.25% 


KPH_OUTPUT_SPEED 


4 to 228 kph 


14 kph 


Dependent Variable 


Operating Range 


Granularity 


DRfVE^NORM_DESIRED_SPEED^RATlO 
DRIVE_SPORT_DESIRED_SPEED_RATIO 
DRIVE_ECON_DESIRED_SPEED_RATlO . 


0 to 6.5535 


0-0001 








Process Variable 


Operating Range 


Granularit 


DRlVE_NORM_DESIREDJSPEED_RATlO 


0 to 6.5535 


0.0001 


DRIVE_SPORT_DESIRED_SPEED_RATIO 


0 to 6.5535 


0.0001 


DRIVE_ECON_DEStRED_SPEED_RATIO 


0 to 6.5535 


0.0001 



[0041 ] If CVT_RANGE indicates DRIVE JNT or DRIVE J:.OW, tlie desired speed ratio is defined by the DRIVE table 

and the pattern select. 

KA_DRIVE_NORM_DESIRED_RATIO, 

30 KA_DRIVE_SPORT_DESIRED_RATIO or 

KA„DRIVE_ECON„DESIRED_RATIO, however, it is limited to a maximum speed ratio. The maximum speed ratio in 
DRIVEJNT is defined in the two-dimensional table KVJNT_DESIRED_SR_LIWIIT (IDSL). The maximum speed ratio 
In DRIVE^^LOW is defined in the two<limensional table KV_LOW_DESIRED_SR_LlMIT (LDSL). The independent var- 
iable in the tables is KPHjOUTPUT_SPEED and the dependent variables are INT_DESIRED_SR_LIMIT and 

35 LOW_PESIRED_SR_UMIT, 

[0042] For example, in DRIVEJNT, DESIREDJSPEED^RATIO is the DRIVE_DESIRED_SPEED_RATIO from Table 
KA_DRIVE_DESIRED_RATiO or INT_DESIRED_SR_LIMIT from cable KVJNT_DESIRED_SR_LIWIIT, which ever 
table value contains the lowest speed ratio value. DESIRED_SPEED_RATIO can be le^ than 
INT_DESIRED_SRJIMIT as defined by DRIVE_DESIRED_SPEED_RATIO but it cannot exceed 

40 INT^DESIRED^SRJIMIT. 
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2 Dimensional Tables IDSL, LDSL 

KVJNT_DESIRED_SR_LIMIT, KV_L0W_DESIRED_SR_LIM1T 


Independent Variable 


Operating Range 


Resolution 


KPH_OUTPUT_SPEED 


4 to 228 kpn 


i4 Kpn 


Dependent Variable 


Operating Range 


Granularity 


INT_DESmED_SR_LIMlT 
LOV\LDESIRED_SR_LfMIT 


0 to 6.5535 


0.0001 








Process Variable 


Operating Range 


Granularity 


INT_DESIRED_SR_UMIT 


0 to 6.5535 


0.0001 


LOW_DESIRED_SR_UMIT 


0 to 6.5535 


0.0001 



[0043] The Driver Commanded Gear Mode (DCG Mode) is entered when the Range is DRIVE and the input 
DRIVER_COMMAND_GEAR is true. In the DCG Mode the transmission ts manually upshifted and downshifted by the 
driver. There are a maximum of 6 gears, each of which are assigned a speed ratio. 

[0044] In the DCG Mode. DESIRED_SPEED_RATiO is set by DCG_SPEED_RATIO, DCG_SPEEp__RATIO is found 
in the calibration table KV_DCG_SPEED_RATIO (DCG) as a function of COMMANDED^GEAR. 
COMMANDED^GEAR is determined by DESIRED^GEAR and calibration limits. Both COMMANDED^GEAR and 
DESIRED^GEAR are limited to the calibration constant KE_DCG_GEAR_NUMBER which is the maximum number of 
discrete gear steps available in DCG Mode. The minimum number of gear steps is 1. 



2 Dimensional Table DCG 
KV_DCG_SPEED_RATIO 


Independent Variable 


Operating Range 


Resolution 


COMMANDEDJGEAR 


1 to 6 


1 


Dependent Variable 


Operating Range 


Granularity 


DCG_SPEED_RATIO 


0 to 6.5535 


0.0001 








Process Variable 


Operating Range 


Granularity 


DCGjSPEED_RATIO 


0 to 6.5535 


0.0001 


COMMANDEDJGEAR 


1 to 6 


1 


DESIREDJGEAR 


1 to 6 


1 








Calibration Constant 


Operating Range 


Granularity 


KE_DCG_GEAR_NUMBER 


1 to 6 


1 



[0045] When the DCG Mode is first entered, the current ACTUAL_SPEED_RATIO is compared to each 
DCGJSPEED^RATiO found in the table KV_DCG_SPEED RATIO, DCG_ERROR_x (where x = 1 .2,3.4.5.6) is equal to 
DCG_SPEED_RATIO_x minus COMMANDED^SPEED^RATIO, If DCG__ERROR_x is zero or less than 
KE_DCG_ERROR_LIMlT for a calibration, set DESIREDJGEAR equal to the associated value. If pCG_ERROR_x 
does not satisfy the above condition, set DESIREDJGEAR equal to the associated gear value of DCG_ERROR_x 
where DCG^ERROR^x is a negative number closest to zero. When entering DCG Mode. DCG_MIN_GEAR is set to 
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one and DCG__MAX_GEAR is set to the calibration constant KE_DCG_GEA RENUMBER which is the maximum 
number of discrete gear steps available in DCG Mode. 
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15 



Process Variable 


Operating Range 


Granularity 


DCG_ERROR_x 


-3.2768 to 3.2767 


0.0001 


DCG_MIN_GEAR 


1 to 6 


1 


DCG_MAX_GEAR 


1 to 6 


1 








Calibration Constant 


Operating Range 


Granularity 


KE_DCG_ERROR_LIIVllT 


0 to 6.5535 


0.0001 



so 



25 



30 



[0046] When exiting DOG Mode, DESIRED_SPEED_RATIO is determined by the maps described previously. 
[0047] Each time the driver input indicates upshift. DESIRED^GEAR is incremented one step. When the driver input 
indicates downshift. DESIRED_GEAR Is decremented one step. Again DESfRED_GEAR is limited to a maximum 
found in calibration constant KE_DCG_GEAR_NUIWBER and to a minimum of 1. COMMANDED_GEAR is set to 
DESIRED^GEAR within DCG_MAX_GEAR and DCG_MINJ3EAR limitations. 

[0048] A gear display output, not shown, follows DESfREDjGEAR. The gear display and DESIRED_GEAR will tem- 
porarily show a driver input even when outside the limits DCG_MAX_GEAR and DCG_MIN__GEAR which is bounded 
by 1 and KE_DCG_GEAR_NUMBER. COMMANDED^GEAR is always limited to a minimum of the value of 
DCG^MIN_GEAR and a maximum of DCG_MAK.GEAR, If a driver commands a downshift less than 
DCG_MIN_GEAR or an upshift greater than DCG_MAX_GEAR, DESIRED^GEAR follows the signal for a calibratable 
amount of time KE_DESIRED_DISPLAY_TIWIE. When a driver commands a downshift less than DCG_MIN_GEAR or 
an upshift greater than DCG^MAX^GEAR. timer. DCG_D!SPLAY_TIMER is initialized and started. Once the timer is 
complete. DESIREDJGEAR is again limited by DCG__MIN_GEAR. If another driver command occurs outside the limit 
before the timer is complete, the DESIREDJGEAR is decremented or incremented again and the timer restarted. If 
DCGjMINjGEAR or DCG^MAX_GEAR changes due to the gear limit calibrations (not a driver initiated shift), 
DESIRED GEAR and COMMANDEDjGEAR are immediately bounded by these limits and the timer is not used. 



35 



40 



Calibration Constant 


Operating Range 


Granularity 


KE_DESiRED_DISPLAY_TIIWE 


0 to 6.375 sec 


0.025 sec 








Process Variable 


Operating Range 


Granularity 


DCG_DISPLAY_TIMER 


0 to 6.375 sec 


0.025 sec 



45 



SO 



55 



[0049] During a deceleration (not in detent/kickdown mode), downshifting will occur automatically at the vehicle 
speeds found in calibration constants KE_DCG_DOWNSHIFT_65, 
KE_DCG_DOWNSHIFT_54, KE_DCG_DOWNSHIFT_43. 

KE DCG_DOWNSHIFT_32, KE_DCG_DOWNSHIFT_21 . These calibrations set DCG_MAX_GEAR when not In kick- 
down mode to a gear value vvhich limits COMMANDEDJGEAR and DESIRED_GEAR, For example If the vehicle speed 
is less than KE_DCG_DOWNSHIFT_65, DCG_MAX_GEAR is set to 5. In the detent/kickdown mode, downshifting will 
occur automatically below the vehicle speeds found in calibration constants KE_DCG_DETENT_65. 
KE_DCG_DETENT_54. KE_DCG_DETENT_43, KE_DEG_DETENT_32, KE_DCG_DETENT_21 . These calibrations 
set DCG^MAXJjEAR in detent/kickdown mode to a gear value which limits COMMANDED_GEAR and 
DESIRED_GEAR. When DCG_MAX_GEAR is set due to one of the above calibrations, the value of 
DCG_MAX_GEAR is incremented when vehicle speed is equal to or above the calibration plus 
KE_DCG_iVIAX_DELTA. For example, if in the kickdown mode and vehicle speed is less than KE_DCG_pETENT_43. 
DCG_MAX_GEAR is set to 3. When vehicle speed is greater than or equal to KE_DCG.DETENT_43 plus 
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KE_DCG_MAX_DELTA. DCG_MAX_GEAR Is then set to 4. With DCG_MAX_GEAR set to 4. a driver initiated upshift 
wiIl"anow DESIRBDJ3EAR ax)6 COMMANDED^GEAR to equal 4. 



Calibration Constant 


Operating Range 


Granularity 


KE_DCG_DOWNSHIFT_65 


0to512kph 


0.0078 kph 


KE_DCG_DOWNSHIFT_54 


0to512Kph 


0.0078 kph 


KE DCG_DOWNSHIFT_43 


0to512kph 


0.0078 kph 


KE_DCG_DOWNSHIFT_32 


0to512Kph 


0.0078 kph 


KE_DCG_D0WNSHIFT_21 


0to512kph 


0.0078 kph 


KE_DCG_DETENT_65 


0to512kph 


0.0078 kph 


KE_DCG_DETENT_54 


0 to 512 kph 


0.0078 kph 


KE_DCG_^DETENT_43 


0to512kph 


0.0078 kph 


KE_DCG_DETENT_32 


0 to 512 kph 


0.0078 kph 


KE_DCG_DETENT_21 


0 to 512 kph 


0.0078 kph 


KE_DCG_MAX_DELTA 


0 to 512 kph 


0.0078 kph 



[0050] In both kickdown and non kickdown mode, overspeed protection is available resulting in automatic upshifts. If 
vehicle speed is greater than or equal to calibration constants KE_DCG_OVERSPD„1 2, 
KE_DCG_OVERSPD_23. KE_DCG_OVERSPD_34. 

KE_DCG_OVERSPD_45. KE_DCG_OVERSPD_56. DCG_MIN_GEAR is set to a gear value which limits 
COMMANDED_GEAR and DESiREDjGEAR. When DCG_MIN_GEAR is set due to one of the above calibrations, the 
value of DCG_^MINJGEAR is decremented (minimum of 1) when vehicle speed is less than the calibration minus 
KE_DCG_OVERSPD_DELTA. For example, if vehicle speed is greater than KE_DCG_OVERSPD_12. 
DCG_MIN_GEAR is set to 2. When vehicle speed is less than KE_DCG_OVERSPD_12 minus 
KE_DCG_OVERSPD_DELTA, then DCG_MIN_GEAR is set to 1. With DCG_MIN_GEAR set to 1, a driver inrtiated 
downshift will allow DESIREDJGEAR and COMMANDED_GEAR to equal 1 . 



Calibration Constant 


Operating Range 


Granularity 


KE_DCG_OVERSPD_1 2 


0 to 512 kph 


0.0078 kph 


KE_DCG_OVERSPD_23 


0 to 512 kph 


0.0078 kph 


KE_DCG_OVERSPD_34 


Oto 512 kph 


0.0078 kph 


KE_DCG_OVERSPD_45 


0 to 512 kph 


0.0078 kph 


KE_DCG_OVERSPD_56 


Oto 512 kph 


0.0078 kph 


KE_DCG_OVERSPD_DELTA 


Oto 512 kph 


0.0078 kph 



so [0051] Commanded speed ratio is delemiined from the error between desired speed ratio and the last commanded 
speed ratio. This error is used to determine the rate at which commanded speed ratio converges to desired speed ratio. 
The commanded speed ratio is used to look up the count of the ratio control actuator/Commanded speed ratio calcu- 
lation is frozen if vehicle speed is less than KE_RATIO^CONTROL.FREEZE_LOW.VS because speed signals are 
noisy at the low vehicle speeds of approximately three (3) kph. 

55 The commanded speed ratio error is determined in the following equation: 

COMMANDED_SR_ERROR - DESIRED_SPEED_RATIO - COMMANDED_SPEED_RAT lO 
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Table KV_COM_ERR0R_SR_RATE (CESR) modifies the last COMMANDED_SPEED__RATIO, 
KV_COM_ERROR_SR_RATE is a two-dimensional tables with COMMANDED_SR_ERROR as the independent vari- 
able and DELTA_COM_SR_PER_SEC the dependent variable. DELTA_COM_SR_PER_SEC is multiplied by the loop 
time to give DELTA_COM_SR_PER_LOOR The new COMMANDED_SPEED_RATIO is determined by the following 
5 equation: 

DELTA_COM_SR_PER^LOOP = DELTA_COM__SR__PER_SEC x Time Conversion 
COMMANDED_SPEED_RATlOx= COMMANDED_SPEED_RAT IO(x-1 ) + DELTA_COM_SR_PER_LOOP 
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2 Dimensional Table CESR 
KV_COM_ERROR_SR_RATE 


Independent Variable 


Operating Range 


Resolution 


COMMANDED_SR_^ERROR 


-0.960 to 0.960 


0.040 


Dependent Variable 


Operating Range 


Granularity 


DELTA_COM_SR_PER_SEC 


-3.2768 to 3.2767 sr/sec 


0.0001 sr/^ec 








Calibration Constant 


Operating Range 


Granularity 


KE_RATIO_CONTROL_ FREEZE_LOW_VS 


0to512kph 


0.0078 IqDh 








Process Variable 


Operating Range 


Granularity 


COMMANDED_SR_ERROR 


-3.2768 to 3.2767 


0.0001 


DELTA_^COM_SR_PER_SEC 


-3.2768 to 3.2767 sr/sec 


0.0001 sr/sec 


COMMANDED_SPEED_RAT/0 


0 to 6.5535 


0.0001 



35 [0052] The driven position of the ratio control actuator is stored in counts. The controller keeps track of the counts in 
process variable COUNT saving the value at powerdown. The actual count follows COMMANDED_COUNT as rapidly 
as pulses can occur. If COUNT check sum has been compromised, thein COUNT is reset to 

KE_RATIO_MOTOR_DEFAULT_COUNT COMMANDED^COUNT is determined by looking up the base actuator 
count, ACTUATORJCOUNT, which is then modified by an adapt value COUNT_ADAPT_CELL and an underdrive step 
40 count if conditions permit. 

COMMANDED^COUNT ^ ACTUATORSOUNT^ 
^5 KE_STEP_COUNT_VALUE + COUNTjiDAPTjCELL 

During power up and when conditions do not permit adding in an underdrive step count, the following equation is used: 

so COMMANDEDJCOUNT = ACTUATOR_COUNT + COUNT_ADAPT_CELL 

During power up, the actual position of ratio control actuator, COUNT, is not updated for 
KE RATiO_MOTOR_WAiT.TIIWE. 
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Calibration Constant 


Operating Range 


Granularity 


KE_RATIO_MOTO R_DEFAULT_COUNT 


-20.000 to 20.000 


1 


KE RATIO MOTOR WAIT TIME 


0 to 6.375 sec 


0.0039 








Process Variable 


Operating Range 


Granularity 


COUNT 


-20.000 to 21.000 


1 


COMMANDEDJDOUNT 


-20.000 to 21.000 


1 


ACTUATOR_C0UNT 


0 to 1 ,000 


1 


COUNT_ADAPT_CELL 


-20.000 to 20.000 


1 : 



[0053J The base actuator count. ACTUATORjCOUNT, Is found in table KV_SR_ACTUATOR_COUNT (SRAC). The 
independent variable in table KV_SR_ACTUATOR_COUNT is COMMANDEDJSPEED^RATIO , the dependent varia- 
ble \s ACTUATOR^COUNT. 

20 



2 Dimensional Table SRAC 
KV_SR_ACTUATOR_COUNT 


Independent Variable 


Operating Range 


Resolution 


COMMANDED_SPEED_RATlO 


0.350 to 2.450 


0.02625 


Dependent Variable 


Operating Range 


Granularity 


ACTUATOR_COUNT 


Oto 1000 


1 



[0054] When speed ratio is commanded to move toward underdrive. a signed step value is added each loop to the 
commanded count in order to quickly position the ratio control valve in an exhaust position (due to valve overlap). The 
35 step is not added when desired and commanded speed ratio are close to equal. 

When commanded speed ratio error, COMMANDEDJSR_ERROR, is less than the signed value of 
KE_SR_ERROR_COUNT_ADD. a signed calibration value KE_STEP_COUNT_VALUE is added to 
ACTUATORJOOUNT and process variable flag STEPJ20UNT_ADDED is set. 

40 

COMMANDED COUNT = ACTUATOR JCOUNT^ 
KE^STEP^COUNT^VALUE -h COUNTjiDAPTjCELL 

45 

When commanded speed ratio error, COMMANDED_SR^ERROR, becomes greater than the signed value of 
KE_SR_ERROR_COUNT_CLEAR while process variable STEP^COUNT^ADDED is set, 
KE_STEP_COUNT_VALUE is not longer used in determining COMMANDED_COUNT and process variable 

S7EF_COL/A/T_y4DDED is cleared. 

so 

. COMMANDED_COUNT = ACTUATORJOOUNT + COUNT_ADAPT_CELL 



55 
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Calibration Constant 


Operating Range 


Granularity 


KE_SR_ERROR_COUNT_ADD 


-3.2768 to 3.2767 


0.0001 


KE_SR_ERROR_COUNT_CLEAR 


-3.2768 to 3.2767 


0.0001 


KE_STEP_COUNT_VALUE 


-128 to 127 


1 








Process Variable 


Operating Range 


Granularity 


STEP_COUNT__ADDED 


0 to 255 


1 



[0055] The Step Count Adapt system Is In place to adjust for offsets when actual ratio does not match commanded 
ratio. An offset can occur if the actuator does not move upon a count change or if an offset exists in the primary pulley 
link. Actuator step count adapt cell is kept in non-volatile ram. H its check sum has been compromised, then it gets reset 
to zero. 

[0056] Actuator step count adapt cell. COUNT_ADAPT_CELL, calculation is frozen if vehicle speed is less than 
KE^R;vnO_CONTROL_FREEZE_LOW_VS because speed signals are noisy and unreliable at the low vehicle 

speeds. 

[0057] When commanded speed ratio is near desired speed ratio for a calibration amount of time, the error between 
commanded speed ratio and actual speed ratio can modify the actual count. The speed ratio en-or is defined as the dif- 
ference between commanded speed ratio and actual speed ratio as shown in the following equation: 

ACTUAL^SPEED^RATtO^ERROR = COMMANDED_SPEED_RAT 10 'CVT_SPEED_RATIO 

[0058] The adaptive cell. COUNT_ADAPT_CELL, may be updated when timer. COUNT_ADAPT_TIMER, reaches 
calibration time KE_COUNT_ADAPT_TIME. The timer. COUNT_ADAPT_TiMER is cleared and started when 
COMMANDED_SR_ERROR Is greater than or equal to KE_COUNT_ADAPT_LOW and less than 
KE_COUNT_ADAPT_HIGH. The timer is incremented as long as commanded speed ratio error. 
COMMANDED_SR_ERROR, is within the calibration band and it is stopped if it falls out side the band. Timer 
COUNT_ADAPT_TIMER is cleared and started when COMMANDED_SR_ERROR again is within the calibration" 
band. When timer. COUNT_ADAPT_TIMER, reaches calibration time KE_COUNT_ADAPT_TliVIE. the adaptive cell 
may be updated. The timer is also cleared and started after an adapt update which allows time for the actual ratio to 
move to the desired speed ratio before another adapt updated is allowed: 
[0059] ACTUAL_SPEED_RATiO^ERROR is a signed number. 
COUNT_ADAPT_CELL Is updated by the signed modifier 

COUNT_ADAPT_MOD found in table KV_COUNT_ADAPT_MODIFIER (CAM). The independent variable In the table 
is 

ACTUALjSPEED_RATIO^ERROR and the dependent variable is 
COUNT_ADAPT_MOD. When conditions are met to allow an adapt update: 

COUNT_ADAPT_CELL x = COUNT_ADAPT_CELL x-l + COUNT_ADAPT_MOD 



NV RAM 


Operating Range 


Granularity 


COUNT_ADAPT_CELL 


-20.000 to 20.000 


1 
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2 Dimensional Table CAM 
KV_COUNt_ADAPT_MODI FIE R 


Independent Variable 


Operating Range 


Resolution 


ACTUAL^SPEED^RATIO^ERROR 


-0.200 to 0.200 


0.025 


Dependent Variable 


Operating Range 


Granularity 


COUNT_ADAPT_MOD 


-128 to 127 


1 








Calibration Constant 


Operating Range 


Granularity 


KE_COUNT_ADAPT_TIME 


0 to 6.375 sec 


0.025 sec 


KE_COUNT_ADAPT_LOW 


-3.2768 to 3.2767 


0.0001 


KE_COUNT_ADAPT_HIGH 


-3.2768 to 3:2767 


0.0001 








Process Variable 


Operating Range 


Granularity 


actual_speed_ratiolerror 


-3.2768 to 3.2767 


0.0001 


COUNT_ADAPT_MOD 


-3.2768 to 3.2767 


0.0001 


COUNT_ADAPT_T/MER 


0 to 6.375 sec 


0.025 sec 



[0060] It is possible for the process variables COMMANDED_COUNT and COUNT to exceed the variable range if a 
number of lost counts occur. This section descrbes the "reset" of COUNT_ADAPT_CELL , COMMANDED_COUNT 
and COUNT. 

The following conditions must be true to en^le the reset: 

1) ICOMMANDEDjCOUim > 
KE_COMMANDED_COUNT_RESET_THRESH 

(absolute value of COMMANDED_COUNT) 

2) VEHICLE_SPEED = 0 continuously for 
KE_ZERO_VEHICLE_SPEED_TIME 

The reset action is to set the adapt variable. COUNT_ADAPT_CELL to zero, recalculate COMMANDED_COUNT yri^ 
the zero vaiue of COUNT_ADAPT_CELL and set COUNT eqiia\ to COMMANDED_COUNT. 

COUNT JiDAPTjCELL ^ 0 

COMMANDED JCOUNT = ACrUATOR_COUMr + 
KE_STEP_COUNT_ VALUE + COUNT _AD APT CELL 
(COMMANDED JCOUNT = ACTUATORJCOUNT -k- 
KE_STEP_COUNT_VALUE + 0) 
COUNT ^ COMMANDED _COUNT 
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[0061 ] When the vehicle is stopped the stepper motor is frozen which will allow the reset without interfering with the 
normal ratio function. When vehicle speed is equal to 0. process variable ZERO_VEHICLE_SPEED_TIMER is rest and 
started. When vehicle speed becomes greater than 0. process variable ZERO^VEHICLE_SPEED_TIMER frozen. 
When the reset action takes place.. COMMANDED_COUNT must be recalculated and COUNT set equal to 
C0MMANDED_COUNT without the stepper motor moving. 



Calibration Constant 


Operating Range 


Granularity 


KE_COMMANDED.COUNT_ RESET_THRESH 


0 to 20.000 


1" 








Process Variable 


Operating Range 


Granularity 


ZERO_ VEHICLE_SPEEDjriMER 


0 to 6.375 sec 


0.025 sec 



[0062] The process variables listed below need slew capability through instrumentation. On power up. the process 
variables will use the normal algorithm (a slew value that is present prior to power down is not saved and will be cleared 
20 for the next power up). The actual process variable in use. whether calculated or slewed, must be displayed when view- 
ing the process variable with instrumentation. 

[0063] The process variable DESIRED_SPEED_RATIO must be able to be slewed which will override the normal ratio 
determination, 

[0064] The process variable COMMAND ED_COUNT must be able to be slewed which will override the normal com- 
25 manded count determination. 

[0065] The DCG Mode can be enabled by the manual modifier V_DCG.IWODE_ MAN. If V_DCG_IVIODE_IVIAN is 
equal to 0. then the DCG Mode is entered or exited by the state of DRlVER_COMMAND_GEAR, If V_DCG_iVIODE_ 
MAN is anything other than 0, the DCG Mode is enabled. 

[0066] The process variable COMMANDED_GEAR must be able to be slewed when in the DCG Mode (either by the 
30 switch or the manual modifier), which will override the normal desired gear determination. COMMANDED_GEAR is lim- 
ited to a maximum found in calibration constant KE_DCG„GEAR_NUMBER and to a minimum of 1 but is not restricted 
by DCG_MAX_GEAR and DCG_MINjGEAR limitations. 

[0067] The process variable COUNT_ADAPT_CELL must be able to be slewed which will override the normal adapt 
determination. The non-volatile ram value of COUNT_ADAPT_CELL must also be able to be initialized to value found 
35 in V_COUNT_ADAPT_MAN. 



Manual Modifier 


Operating Range 


Granularity 


V_DCG_MODE_MAN 


0 to 255 


1 


V_COUNT_ADAPT_MAN 


-20,000 to 21.000 


1 



45 Claims 

i . A continuously variable transmission and control oonrprising: 

a continuously variable transmission (14) including an input member (34), an output member (36) and an actu- 
so ator mechanism (80) for establishing speed ratios between said input member and said output member; 

said actuator mechanism having a hydraulic valve member (84) for distributing hydraulic fluid at a predeter- 
mined pressure to and from said corttinuously variable transmission to control the speed ratios thereof in both 
an overdrive direction and an underdrive direction, said valve member having a neutral position wherein pres- 
sure is maintained at said continuously variable transrnission to maintain the desired speed ratio, and an actu- 
£5 ator (82) for controlling valve movement during a ratio change request; 

means (SRAC, C2. S3, TCM) for establishing and delivering control signals to said actuator including means 
for delivering a step control signal to said actuator to rapidly permit exhausting of pressure at said continuously 
variable transmission when a ratio change in the underdrive direction is requested. 
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♦ 

The continuously variable transmission and control defined in Claim 1, wherein said step control signal is withheld 
when said ratio change request is less than a predetermined value. 
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(54) Continuously variable transmission and control 



(57) A continuously variable transmission control 
system determines the desired speed ratio (DTR) for a 
continuously variable transmission (14) from various 
input data received from the vehicle and operator. The 
desired speed ratio is compared with a commanded 
speed ratio (COM.SR) to provide an enror signal 
(CESR) which establishes a new commanded speed 
ratio for the continuously variable transmission. The 
comparing process of desired speed ratio to com- 
manded speed ratio is repeated until the error signal is 
substantially null. Also, the control provides an adaptive 
modifier (CAM) for the actuator of the continuously van- 



able transmission such that a comparison of actual 
transmission ratio to commanded speed ratio will deter- 
mine if an adaptive modification is necessary. The con- 
trol further provides a step control function (SRAC, S3. 
C2) which is operable when the ratio of the continuously 
variable transmission is moving toward an underdrive 
ratio. The step input commands a large change in the 
actuator control valve to thereby accommodate reduc- 
ing the pressure in the controls of the continuously vari- 
able transmission and thereby change the ratio rapidly. 




Printed by Xerox (UK) Business Services 
2.16.7 (HRS)/3,6 



BNSbOCiO: -cEP. 



.08994a2A3_L> 



EP 0 899 482 A3 




European Patent 
Oriice 



EUROPEAN SEARCH REPORT 



Application NumbtN' 

EP 98 20 2562 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation o> document with indication, where appropriate, 
ot relevani passages 



Relevant 
to claim 



CLiXSSIFICATION OF THE 
APPLICATION (lnLCI.e) 



US 4 536 171 A (ABO KEIJU ET AL) 

20 August 1985 (1985-08-20) 

* column 14, line 32 - column 15, line 62; 

figure 9B * 



US 4 993 284 A (0SHIA6E KATSUNORI) 

19 February 1991 (1991-02-19) 

* column 5, line 49 - column 6, line 44; 

figures 10,11 * 



EP 0 111 891 A (NISSAN MOTOR) 
27 June 1984 (1984-06-27) 

* abstract * 

EP 0 101 151 A (GEN MOTORS CORP) 
22 February 1984 (1984-02-22) 

* the whole document * 

US 4 579 021 A (ABO KEIJU ET AL) 

1 April 1986 (1986-04-01) 

* column 15, line 60 - column 18, line 68; 
figures 13A,13B,23A,23B * 

EP 0 258 004 A (FUJI HEAVY IND LTD) 

2 March 1988 (1988-03-02) 

* abstract * 



FI6H61/00 



1.2 



TECHNICAL FIELDS 
SEARCHED (InLCLS) 



F16H 

B60K 



The present search report has t>een drawn up lor an claims 



Rao»c' ma n fi 

THE HAGUE 



Dale ol ccmplcflion ol 9m saari^ 

31 January 2001 



Van Prool jen, T 



CATEGORY OF CrTED DOCUMENTS 



X : paiUcubHy relevani H tefcen alone 
Y : parllojlafly relevant t1 oombined with 

document ol the same caiegoiy 
A : lecnnologicaJ tackground 
O : non-wnnen dtsctosure 
P : Intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, bul published on. or 

afterlhe flilng dale 
D : document cited in the appication 
U : document died lor other reasons 

i i iHembei cit the same patent family, oofresporiding 
document 



0899482A3_I > 



EP 0 899 482 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 98 20 2562 



This annex lists ttie patent family members relating to the patent documents cited in the abovewnentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is tn no way liable tor these particulars which are merely given for the purpose of information. 

31-01-2001 



Patent document 




Publication 




Patent family 




PubBcalion 


dted in search report 




date 




member(s) 




date 


US 4536171 


A 


20-08«1985 


JP 


1705478 


C 


27-10-1992 








JP 


3072864 


D 

D 


zo— 11— lyyi 








OP 


58200842 


A 


22-11-1983 








DE 


3375118 


D 


11-02-1988 








EP 


0094627 


A 


11 i/\oo 

23-11-1983 


US 4993284 


A 


19-02-1991 


JP 


1973407 


C 


27-09-1995 






OP 


7003261 


B 


18-01-1995 








JP 


59219554 


A 


10-12-1984 








DE 


3480078 


D 


16-11-1989 








EP 


0127082 


A 


05-12-1984 


■ 

EP 0111891 


A 


27-06-1984 


JP 


1814995 


C 


18-01-1994 






JP 


3072866 


B 


20-11-1991 








JP 


59110952 


A 


27-06-1984 








DE 


3376866 


D 


07-07— 1988 








US 


4603602 


A 


05-08-1986 


— 

EP 0101151 


A 


22-02-1984 


US 


4509125 


A 


02-04-1985 






CA 


1197396 


A 


03-12-1985 








DE 


3371112 D 


27-05-1987 








JP 


1685100 


C 


31-07-1992 








JP 


3046700 


B 


17-07-1991 








JP 


59047553 


A 


17-03-1984 


US 4579021 


A 


01-04-1986 


JP 


1454202 


C 


10-08-1988 






JP 


58191361 


A 


08-11-1983 








JP 


63000661 


B 


08-01-1988 








JP 


59077156 


A 


02-05-1984 








DE 


3375598 


D 


10-03-1988 








EP 


0093413 


A 


09-11-1983 


EP 0256004 


A 


02-03-1988 


JP 


1849764 


C 


07-06-1994 








JP 


5064268 


B 


14-09-1993 








JP 


63053130 


A 


07-03-1988 








DE 


3770081 


D 


20-06-1991 








US 


4833944 


A 


30-05-1989 





For more details about this annex : see Official Journal of the European Patent Office, isio. 12/82 



3 



0899482A3_I_> 



